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AN  EXPLORATORY  STUDY  OF  THE  INITIATION  OP  STEEL- SHIELDED 
COMPOSITION  "BM  BY  SHAPED  CHARGE  JETS  (U) 


ABSTRACT 

A  preliminary  study  of  the  Initiation  by  shaped  charge  Jets  of  Comp 
"B"  charges  protected  by  various  thicknesses  of  steel  coverplates  Las 
been  carried  out.  The  aim  vjls  to  determine  the  variables  in  the  experi¬ 
ment  which  are  likely  to  have  a  significant  effect.  High  speed  photo¬ 
graphic  techniques  were  used  to  ascertain  £  stalls  of  the  initiation 
process . 

The  effects  of  length  of  explosive  charge,  thickness  of  covexplate 
and  various  types  of  explosive  confinement  were  explored.  Both  M9A1  and 
lOJnsa  charges  were  used  as  the  source  of  the  Jet  in  these  experiments. 

Several  hypotheses  regarding  the  nature  of  the  mechari nw  of  the 
initiation  process  are  proposed  as  a  basis  for  additional  studies. 


imm 


aWlfll 


5 


INTRODUCTION 
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The  initiation  of  high  explosives  by  high  velocity  fragments  is  an 
important  consideration  in  assessing  vulnerability  of  warheads  containing 
high  explosive.  The  Jet  from  a  shaped  charge  constitutes  a  rather 
specialized  form  of  high  velocity  fragments,  -hose  ability  to  initiate 
high  explosive  has  intrinsic  interest  even  though  the  specifications  of 
the  detailed  fragment  characteristics  are  more  nebulous  then  would  be 
desirable  for  an  experiment  with  single  fragments.  The  fragaent  velocity 
which  can  be  achieved  with  shaped  charges  is,  however,  considerably  greater 
than  that  obtainable  with  other  available  techniques. 

From  simple  considerations  one  would  expect  that  explosive  con- , 
finement  and  protective  coverplate  thickness  would  be  important  variables. 
It  was  anticipated  that  other  important  variables  might  become  apparent 
in  the  course  of  the  experiment.  Explosive  length  turned  out  to  he  such 
a  variable. 

CHARACTERISTICS  Of  THE  SHAPED  CHARGE  JETS  USED 

The  jets  used  in  these  experiments  were  obtained  from  two  types  of 
shaped  charges:  the  K9A1  charge  (uominal)  as  shown  in  Figure  1,  and  the 
’O^rnrn  charge  as  shown  in  Figure  2.  The  cones  in  both  cases  were  made  of 
copper.  The  appearance  of  the  jets  from  those  charges  are  shown  in  Figures 
3  and  4.  Computed  velocities  of  the  tip  of  the  Jet  at  the  interface  of 
Jet  and  steel  target  as  a  function  of  tbj  depth  of  penetra4"' <•  .  arc  c\  •  r. 
in  Figures  5  and  6. 

The  M9A1  size  was  used  mainly  for  the  high  speed  photographic  obser¬ 
vations,  although  quite  a  few  w«re  v.f*d  in  carrying  out  the  parallel  studies 
of  the  effects  of  confinement,  charge  length  and  charge  diameter.  Tire 
105mm  size  (approximately  twice  the  diameter  of  the  M9A1)  was  used  fo.-  the 
study  of  the  effects  of  confinement  and  charge  length. 
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JSCPERIMET^r^L  PRCvilDURE 

The  general  experimental  procedure  consisted  of  firing  a  shaped 
charge  Jet  through  a  protective  steel  coverplate  into  a  piece  of  high 
explosive  fastened  to  the  rear  of  the  coverplate. 

1.  Explosive  Charge  Preparation 

Explot Ive  charges  of  Composition  "B"  vere  cast  in  cylindrical 
fora.  Charges  of  both  1-1/2"  and  3"  diameters  vere  prepared.  Charge 
lengths  vere  varied  from  l”  to  15*  and  vere  made  up  of  increments  varying 
in  length  from  l"  to  6".  There  appears  to  be  no  evidence  in  all  of  the 
experiments  that  a  single  homogeneous  cylinder  of  high  explosive  behaves 
appreciably  differently  from  a  similar  cylinder  made  of  increments. 

Long  incremental  charges  are  likely  to  be  more  nearly  homogeneous  in 
composition  than  long  single-piece  charges  because  of  the  increased  proba¬ 
bility  of  segregation  in  the  one-piece  charge. 

2.  Protective  Coverplate 

For  the  experiments  vith  105®m  charges,  the  coverplate  thickness 
varied  from  0"  to  12"  of  1020  mild  steel.  The  coverplate  thickness  vas 
Increased  in  3"  increments  by  stacking  6"  x  6"  x  3"  steel  blocks. 

The  105mm  shaped  charge  vas  fired  at  a  standoff  of  7 -1/h"  from  the 
outer  coverplate  surface,  as  shewn  in  Figure  7.  The  explosive  charge 
vas  held  in  physical  contact  vith  the  inner  coverplate  surface. 

The  experiments  vith  the  M9A1  charge  vere  carried  cut  with 
coverplate  of  1020  mild  steel  varying  from  0"  to  3*  in  thickness. 

3-  Confinement  of  Explosive  Charge 

In  a  separate  phase  of  the  experiment  the  explosive  charge  vas 
confined  by  a  second  plate  on  the  opposite  side  of  the  charge,  as  snoun 
in  Figure  8. 

An  additional  experiment  vith  the  105nnB  charge  vas  carried  out  with 
the  3"  diameter  explosive  charge  encased  in  a  steel  body  having  a  3/8'' 
vail  thickness.  It  vas  also  confined  at  the  open  end  as  in  Figure  8. 
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For  the  M9A1  charge,  the  1-1/2”  diameter  explosive  cylinders  were 
encased  in  1/8"  steel  tubing  for  the  confinement  experiments.  The  and 
coverplate  (3"  of  1020  mild  steel)  was  also  used. 

4.  Photographic  Observation 

In  order  to  locate  the  point  of  initiation  within  tha  explosive 
charge  as  the  coverplate  thickness  was  increased  an  ultra  high  spaed 
framing  camera  was  used  to  observe  the  location  of  the  emerging  detonation 
wave.  From  this  observation  one  can  approximate  the  interior  point  of 
initiation. 

In  addition,  one  could  observe  the  behavior  of  those  explosive  charges 
which  failed  ro  be  initiated  immediately.  In  many  of  the3e  observations, 
the  luminosity  of  the  air  shock  from  the  detonating  explosive  provided 
the  necessary  lighting.  In  some  instances,  backlighting  was  provided  by  an 
argon  bomb. 

EXPERIMENTAL  DATA 

The  observations  made  with  the  105mm  shaped  charges  are  recorded  in 
Tables  I,  II,  and  III. 

Table  I  gives  the  results  for  3"  diameter  cylinders  of  explosive 
(Ccnp  "B")  with  lengths  varying  from  1"  to  15"  and  coverplate  thicknesses 
varying  from  0"  to  12"  of  1020  mild  steel.  In  this  phase,  no  confinement 
was  used.  Figure  7  shows  the  experimental  set-up. 

Similarly,  TAbles  II  and  III  give  data  for  the  two  pnases  ir-v-)iviijig 
confinement. 
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TABLE  I 

PERCEOTAGE  OF  HIGH  ORDER  INITIATIONS  OBTAINED  WITH,  VARIOUS  LENGTHS  (L' 
OF  3"  DIAMETER  COMP  "Bu  CYLINDERS  llfj,;  WHICH  A  105MM  SHAPED  CHARGE  .TET 
WAS  FIRED  THROUGH  VARIOUS  THICKNESSES  OF  STEEL  COVERPLATE  (t)  WITHOUT 

END  CONFINEMENT 


'sE3q>lo8ive 
Cove£\  length 
plate  ’  nL  in 

Thi  ckne  s  sx^inc  he  s 
t  in  inches 

— 

1 

3 

6 

9 

12 

15 

0 

(5) 

10056 

, 

3 

(5)  , 

20 56 

■ 

6 

(5) 

0* 

(4) 

10656 

9 

(5) 

2056 

(5) 

6056 

(5) 

8056 

12 

(5) 

2016 

(5) 

h056 

(5) 

6056 

(5) 

8056 

(4) 

10056 

In  this  table  and  subseqv  ^nt  tables  the  number  in  parenthesis  repre¬ 


sents  the  number  of  trials  with  the  particular  charge  length  and  cover- 
plate  thlcfaicss. 

In  the  absence  of  photographic  observations,  high  order  initiation 
is  recorded  if  there  is  a  dent  in  the  eoverplate  (or  confining  pi  - 
adjacent  to  the  cnarge  as  shown  in  Figures  9  and  10.  These  snow  the 
observed  variations  .\n  the  dent  on  the  steel  eoverplate  which  were  recorded 
as  high  order  initiation.  In  the  M9A1  experiments  photographic  obser¬ 
vations  also  were  made  which  are  consistent  with  xha  dent  criterion  for 
high  order  initiation. 
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TABLE  II 

PERCENTAGE  OF  HIGH  ORDER  INITIATIONS  OBTAINED  WITH  VARIOUS  LENGTHS  (L) 

OF  3"  DIAMETER  COMPOSITION  "B"  CYLINDERS  INTO  WHICI  A  105MM  SHAPED  CHARGE  JET 
WAS  FIRED  THROUGH  VARIOUS  THICKNESSES  OF  STEEL  C0V5RPLATE  (t)  WITH 
3"  1020  MILD  STEEL  END  CONFINEMENT  ■ 


***«> 

t  (in  inchests. 

1 

3 

6 

9 

.12 

nn 

0 

100* 

(5) 

(5) 

3 

60$ 

100$ 

(29) 

(5) 

(5) 

(5) 

(5) 

6 

1U$ 

100$ 

100$ 

100$ 

100$ 

mm 

(5) 

(5) 

(5) 

(5) 

9 

mm 

80$ 

80$ 

100 $ 

100$ 

(5) 

(5) 

(5) 

(?) 

(55  i 

12 

20$ 

20$ 

60$  ; 

co$  ; 

6  0$  , 
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The  M9A1  experimental  results  are  collected  in  Tables  IV.  V,  vl, 
and  VII.  Table  IV  shows  ti.o  results  (on  unconfined  exploslv'?)  which  were 


observed  photographically. 

TABLE  IV' 


PERCENTAGE  OF  HIGH  ORDER  INITIATIONS  OBTAINED  WITH  VARIOUS  LENGTHS  (L) 
OF  1.5"  DIAMETER  COMP  "B"  CYLINDERS  INTO  WHICH  AN  M9A1  SHAPED  CHARGE  JET 
WAS  FIRED  THROUGH  VARIOUS  THICKNESSES  OF  1020  MILD  STEEL  CQVSRPLATE  ( t ) . 
OBSERVATIONS  WERE  MADE  WITH  THE  ULTRA  HIGH  ^PEED  FRAMING  CAMERA. 


_  \Explosive 

plate  X  L  in 

!^Ck?e8!  X  inches 
t  in  inches  \ 

1 

2 

3 

, 

(3) 

0 

100$ 

(3) 

1/16 

100$ 

(5)  ' 

1/2 

100$ 

' 

— 

(5) 

1 

100$ 

(5) 

(5) 

2 

20$ 

100$ 

(3) 

(2) 

r; 

3 

0$ 

0$ 

0$ 
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T*3LE  V 

PERCENTAGE  OF  HIGH  QRIER  INITIATION?  OBTAINED  WITH  VARIOUS  LENi/IHS  (L) 
OF  1.5"  DIAMETER  COMP  ”Bm  CTLINIERS  INTO  WHICH  AN  M9A1  SHAPED  CHARGE  JET 
WAS  FIRED  THROWS."  A  3"  THICKNESS  01  1020  MiLD  STEEL  COVERPLATE  (t) 

WITH  3"  1020  MILD  STEEL  END  CONFINEMENT. 

PHOTOGRAPHIC  OBSERVATIONS  WERE  MADE  ON  THE  2"  LENGTH  OP  CHARGE. 


Explosive  Length 

*  of  High 

L  in  Inches 

Order  Initiation 

(8)  * 

2 

■  87* 

(5) 

T' 

67* 

(10) 

k 

30* 

(10) 

5 

10* 

(5) 

a 

40* 

(5) 

10 

20* 

(5) 

12 

60* 

*  5  rounds  only  were  photographically  observed.  These  rounds 
had  1"  end  confinement  plates  (1020  mild  steel)  in  place  of 
the  3"  plate  normally  used. 
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TABLE  VI 

PERCENTAGE  OF  HIGH  ORDER  INITIATIONS  OBTAINED  WITH  VARIOUS  LENGTHS  (L) 
OF  l.>"  DIAMETER  COM21  "B"  CYLINDERS  ENCASED  IN  A  1/8"  STEEL  BODY 
INTO  WHICH  AN  M9A1  SHAPED  CHARGE  oSS  WAS  FIRED  THROUGH  A  i"  THICKNESS 
1020  MILD  STEEL  COVERPUiTE  (t)  WITH  3"  1020  MILD  STEEL  END  CONFINEMENT 


Explosive  Length 

L  in  inches 

— 

i  *  of  High 

Order  Initiations 

(5) 

1 

o&* 

. 

(5) 

2 

100* 

(5) 

k 

100* 

' 

(5) 

r 

O 

100* 

(*} 

c 

v.» 

100* 

(5) 

10 

100* 

TABLE  VII 

PERCENTAGE  OF  HIGH  ORDER  INITIATIONS  OBTAINED  WITH  VARIOUS  LENGTHS  (L) 

OF  3"  DIAMETER  COMPOSITION  B  CYLINDERS  INTO  WHICH  AN  M9A1  SHAPED  CHARGE  .TFT 
WAS  FIRED  THROUGH  A  3"  THICKNESS  OF  1020  MILD  STEEL  COVERPLATE  (t)  WITH  3” 

1020  MILD  STEEL  END  CONFINEMENT. 


Explosive  Length 

*  of  High  1 

L  in  inches 

Order  Initiations  ! 

(S> 

5 

87*  . 

(10) 

8 

60* 
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ANALYSIS  OF  nESULTS 

A.  M9A3.  Charges  -  Photographic  Ohrervatlons 

The  Beckman  4  Whitley  ultra  high  speed  framing  camera  was  used  be 
study  the  initiation  of  the  high  ex-plosive,  with  the  M9A1  copper  cone 
being  fired  into  1-1/2"  diameter  cylinders  of  Comp  "B". 

’These  results  will  be  considered  first  since  they  will  suggest  a 
basis  for  analyzing  the  105mm  data,  which  were  obtained  without  photographic 
observations.  Table  I V  shows  the  conditions  studied. 

The  initiation  of  an  uncovered  Comp  "B"  cylinder  l"  long  is  shown 
in  Figure  11.  The  Jet  is  seen  striking  the  left  face  of  the  target. 
Initiation  is  seen  to  occur  very  near*  the  surface  of  the  Comp  B,  on  the 
basis  of  the  shape  of  the  emerging  side  air  shock.  The  detona’  icn  propa¬ 
gates  to  the  right.  The  shape  of  the  detonation  wave  is  approximately 
spherical  as  can  be  seen  from  the  shape  of  the  air  shock  emerging  from 
the  right  face  of  the  explosive. 

The  Initiation  through  a  l/lfc>"  coverplate  is  quite  similar  in 
appearance,  as  is  shown  in  Figure  12. 

When  the  coverplate  is  1/2"  thick,  we  see  in  Figure  13  evidence  of 
initiation  about  1/2"  deep  in  the  explosive  (see  frames  6  and  7). 

For  a  l"  steel  coverplate  and  a  1"  long  explosive  cylinder,  shown 
in  Figure  lk,  the  point  of  initiation  is  Judged  to  be  about  3/k"  from 

the  steel- explosive  interface.  There  is  evidence  of  aayaaetr; _ I'm 

emerging  side  air  shock  which  suggests  that  the  initiation  was  not  along 
the  axis  of  the  cylinder  but  rather  nearer  the  side  surface  facing  the 
camera,  (so-*  frame  2).  The  peculiar  behavior  of  the  detonation  proceeding 
backward  is  noteworthy,  since  it  appears  to  indicate  an  erra^'.c  develop¬ 
ment  of  the  backward  wave  front. 

A  2"  steel  coverplate  on  a  l"  long  explosive  cylinder  gives  the 
results  shown  in  Fig'-e  15.  Here  it  is  clear  that  initiation  it,  oc¬ 
curring  asymmetrically  and  originates  very  near  the  free  face  of  the  ex¬ 
plosive.  (&?e  frame  3).  Again  the  erratic  development  of  the  backward 

-  I, 
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going  detonation  wave  is  seen  (in  frames  5,  &  7)-  There  is  even 

evidence  fc r  a  Mach  interaction  between  two  different  portions  of  the  . 
backward  moving  detonation  ware  (see  frames  b  and  (j). 

With  2"  of  :overplate  and  i"  of  Comp  B,  failures  to  initiate  high 
order  wore  observed  k  times  out  of  5*  Figure  lo  shows  the  photograph  of 
such  a  failure  to  initiate.  It  snould  be  pointed  out  that  it  is  ex¬ 
tremely  rare  that  any  unconsumed  high  explosive  is  recovered,  so  that 
even  though  high  oraer  initiation  does  not  occur,  the  explosive  is 
burned.  So  far  no  photographic  evidence  has  been  obtained  of  either  the 
deflagration  or  the  low  order  detonation  which  is  presumed  to  be  responsible 
for  the  consumption  of  the  high  explosive. 

Initiation  of  a  2"  length  of  Comp  "B"  through  2"  of  steel  coverplate 
is  seen  in  Figure  17-  Here  again,  initiation  is  seen  tc-  occur  asym¬ 
metrically.  The  point  of  initiation  is  estimated  from  frame  1  to  be  about 
1/ V  into  the  2nd  cylinder.  The  erratic  backward  going  detonation  is  again 
seen  in  frames  2,  j  tad  4. 

Failure  to  initiate  a  2"  length  of  charge  through  a  3"  coverplate 
is  shown  in  Figure  18. 

These  results  appear  to  indicate  a  progressive  movement  of  the  point 
of  Initiation  deeper  into  the  high  explosive  as  the  coverplate  thickness 
is  increased. 

The  M9A1  experimental  data  with  end  confined  erplosiv*'  burger., 
are  given  in  Table  V,  have  already  been  described  as  erratic.  r:-  was 
thought  that  high  speed  photography  might  indicate  suae  reason  for  this 
behavior . 

Figure  19  shows  the  initiation  of  a  2"  length  of  explosive  sandwiched 
between  a  3"  steel  coverplate  and  a  l"  steel  end- confining  plate.  The 
initiation  is  clearly  occurring  at  the  far  interface,  which  is  beiv, 
struck  ly  the  jet  after  it  pierces  the  front  coverplate  and  the  explosive 
itself.  The  development  of  the  backward  moving  detonation  is  accompanied 
by  a  rather  unusual  display  of  illumination  which  may  indicate  low  order 
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detonation  in  The  portion  of  the  explosive  which  has  already  been  traversed 
by  the  Jet. 

It  is  suggested  that  the  unexpected  peak  in  the  percentage  of  high 
order  initiation  for  the  short  lengths  of  Comp  "B"  with  end  confinement 
say  be  due  to  the  fact  that  the  M9 A1  Jets  showed  (see  radiograph  in  Figure 
3)  hooks-.  -nd  a  curved  portion  on  the  front  which,  by  providing  a  larger 
impact  area  on  the  second  or  confining  plate,  would  he  likely,  to  increase 
the  probability  of  initiation  at  the  back  plate.  This  effect  furthermore 
would  be  more  pronounced  for  the  thinner  coverplates,  which  voald  not 
wipe  off  the  entire  hook  during  penetration  a a  much  aa  would  a  thick 
coverplate.  This  hypothesis  should  be  tested  in  further  investigations. 

Pertinent  data  from  experiments  with  1/8"  steel,  cased  Comp  3  charges 
(Table  VI ),  increased  diameter  (3”)  Con®  B  charges  (Table  VII),  no  con¬ 
finement  (Table  IV)  and  end  confinement  (Table  V)  are  summarized  in  Table 
VIII  below  to  indicate  the  trend  toward  higher  initiation  probability  with 
confinement  and  with  increasing  diameter. 

TABLE  VIII 

*  0*  HIGH  CRIER  CTITIATIOHS 
COVERHACE  3"  THICK  FOR  AIL  SHOTS 


Conditions 

Unconfined 
1-1/2"  Dia. 

Confined 
1/8"  Steel  Case 
1-1/2"  Dia. 

1"  Length 
Coop  B 

o* 

6o* 

End  Confined  Only 

1-1/2"  Dia. 

3"  Dia. 

5"  Length 
Cctap  B 

10 * 

87* 

8"  Length 
Ccop  B 

1*0*  , 

6C* 
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B.  lOj^m  Experiments 

1 .  Unconflncd  Charges  oL  Comp  "B"  in  Contact  with  the  Cover jlate. 

It  is  evident  from  Tell- I  i,hat  for  a  given  explosive  length.,  as 
the  protective  coverpl >te  thickness  increases,  the  probability  of  high 
order  initiation  decreases.  Furthermore,  for  a  given  c overplate  thick¬ 
ness  as  **us  explosive  length  increases,  the  probability  of  high  order 
initiation  increases.  Thus  the  results  suggest  a  series  of  relationships 
shown  schematically  in  Figures  20,  21  and  22.  Figure  20  shows  the 
parameters,  and  1^,  defined  as  follows: 

For  a  given  thickness  of  covtrplate, 

is  the  explosive  length  such  that  no  high  order  initiations  will 
occur  if  the  charge  is  or  less  in  length, 

Lg  is  the  explosive  length  such  that  100$  high  order  initiation  wild 
occur  if  the  explosive  is  Lg  or  more  in  length.  The  suggested  relationships 
between  percentages  f  high  order  initiations  and  the  explcrive  and 
coverplate  parameteis  are  schematically  represented  in  Figures  21  and  22. 

2.  End  Confined  and  Fully  Confined  Charges  of  Comp  "B". 

The  results  shown  in  Table  II  when  compared  with  those  in  Table  I 
indicate  that  end  confinement  generally  increases  the  probability  of  high 
order  initiation  over  that  observed  with  unconfined  charges.  The  results 
shown  in  Table  III  also  suggest  an  increased  probability  of  ini  ti;  vies 
for  cased  charges  over  that  for  xwcoiifined  charges.  Ft-  the  c“  _.u 
9"  coverplate  thicknesses  the  observed  results  for  the  t norter  explosive 
targets  are  summarised  below  in  Table  IX. 
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TA2LE  IX 


$  OF  HIGH  ORDER 

THITIAIIONS  OBSERVED  UNDER 

VARIOUS  CONDITIONS  OF  CONFINEMENT 

Conditions 

Unconfirmed 

End  Confined 

Fully  Confined 

y  Coverplate 
l"  Explosive 

20$ 

,  60$ 

10C$ 

6"  Coverplate. 
1"  Explosive 

0$ 

lk$ 

20$  ' 

9“  Coverplate 
3"  Explosive 

20$ 

'  80$ 

100$ 

It  should  be  pointed  out  that  with  the  small  sample  3izes  to  which 
an  exploratory  investigation  is  necesc&cily  limited,  the  statistical 
analysis  is  somewhat  inconclusive  and  that  in  those  portions  61  the  experi¬ 
ment  involving  thick  covcrplates  and  long  explosive  charges  the  data  do 
not  support  the  conclusion  that  confinement  increases  the  probability  of 
initiation. 

COMMENTS  ON  THE  INITIATION  MECHANISM 

It  is  generally  agreed  that  one  of  the  important  initiating  mecha¬ 
nisms  is  likely  to  be  the  3hjck  wave  in  the  explosive  caused  by  the  impact 
of  the  Jet. 

Increased  coverplate  thickness  reduces  the  emerging  Jet  velocity 
and  hence  decreases  the  shock  wave  amplitude.  This  would  be  expected  to 
reduce  the  probability  of  initiation.  The  observation  requirinr  fui  ti.r-* 
analysis  is  the  apparent  shifting  of  the  point  of  initiation  deeper  into 
the  high  explosive  as  the  coverplate.  thickness  is  increased.  It  would 
be  useful  in  exploring  this  phenomenon  further,  to  use  Jets  whose  tip 
velocity  was  controllable.  A  large  number  of  photographic  observations 
of  the  point  of  initiation  for  various  conditions  would  also  be  helpful. 

An  hypothesis  which  suggests  itself  is  that  of  a  uniform  dis tribe: .  on 
of  initiation  nuclei  (e.g.  air  bubbles)  in  the  high  explosive.  Since 
reduced  shock  wave  amplitude  reduces  the  probability  of  initiation  at 
any  nucleus,  the  slower  jet  would  have  to  travel  farther  on  the  average 
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before  it  would  initiate  the  explosive  of  the  nuclei.  We  would 

then  expect  a  distribution  .of  initiation  locations  whose  nature  would  be 
determined  by  the  rapidity  wi:v*.  which  the  initiation  probability  for  a 
single  nucleus  falls  with  reduction  in  shock  amplitude . 

The  nature  of  the  relation  between  shock  amplitude  and  single  nucleus 
initiation  probability  could  also  account  for  the  very  great  dispersion 
in  the  data  for  thick  targets  and  long  explosive  charges.  ■ 

An  extension  of  this  simple  hypothesis  would  presuppose  a  uniform 
spatial  distribution  of  initiation  nuclei  which  also  were  variable  in 
their  threshold  of  sensitivity  (e.g.  air  cubbies  of  varying  dimensions). 
One  would  then  have  to  study  th*  probability  of  encountering  an  initi¬ 
ation  nucleus  capable  of  being  initiated  by  a  shock  pressure  which  was 
decreasing  as  the  depth  of  penetration  of  the  Jet  into  the  explosive  in¬ 
creased. 

Explosive  charge  confinement  and  increased  explosive  diameter  would 
be  expected  to  result  in  an  increased  probability  of  earlier  initiation 
since  the  returning  boundary  reflected  rarefaction  wave  which  reduces 
the  shock  amplitude  is  longer  delayed  and  hence  the  shock  pressure  stays 
higher  longer. 

The  possibility  of  other  initiation  mechanisms  should,  not  be  ignored 
expecially  for  the  slow  Jets  moving  into  .long  explosive  charges.  A 
direct  thermal  transfer  mechanism  may  be  worth  studying. 

SUMMARY  AND  CONCLUSIONS 

The  significant  variables  in  an  experiment  designed  for  the  study 
of  initiation  of  high  explosi^-s  by  shaped  charge  Jets  appear  to  be  the 
following : 

1.  Thickness  of  coverplate. 

Length  of  the  explosive  charge. 

5.  Type  uid  degree  of  confinement  of  the  explosive  charge. 
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Suggested  empirical  relationships  between  the  initiation  probability 
and  the  important  variables  are  outlined  in  Figures  20,  21  and  22  on  the 
basis  of  the  trends  seen  in  the  4-esent  data. 

If  one  disregards  the  scattered  data  for  thick  coverplate?  and  long 
explosive  charges,  conclusions  may  be  drawn  about  the  relation  between 
length  of  the  explosive  charge  and  thickness  of  the  coverplate.  It  appears 
from  the  remaining  data  that  in  the  regions  where  the  transition  between 
0$  and  100$  initiations  occur,  coverplate  thickness  for  a  fixed  charge 
length  decreases  the  inltietion  probability.  Furthermore,  for  a  fixed 
coverplate  thickness,  increased  length  of  explosive  charge  increases  the 
probability  of  initiation. 

The  effects  of  confinement  are  less  clearly  seen  but  the  trend  appears 
to  be  toward  increased  probability  of  initiation  with  increased  con¬ 
finement. 

L.  ZERNCW 
^  y  f) 

I.  LIEBERMAH 

// 

A'  y 

S.  KROMMAN 
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FIG.  9. 


Impression  Into  Steel  Plate  from  Initiated  imposition  B  Charge  Indicating 


Hiah  Order  Initiation. 
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6”  Cover  Plate)  by  an 


FIG.  12.  Initiation  of  1"  I.ong  Composition  B  Charge  (W /  i 
M9'M  Shaped  Charge  Jet. 
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STATIC  PICTURE 


n.  ....nation  of  a  l«  Long  Compo.ition  B  Charge  «W/1  H“  Cover  PUtO  by  a 
M9A1  Shaped  Charge  Jet. 
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INTERACTION 


%  „  iui  /7#»  Cover  Plate)  b/  an 

...uiation  of  a  I"  L°"8  Composition  d  Charg 

Shaped  Charg*'  Jot. 
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STATIC 


Initiation  of  a  Z"  Long  Composition  £  Charge  (W/V*  Cover  Plate  an< 
C*  **:ning  Plate)  by  an  M9A1  Shaped  Charge  Jet. 
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Chief  of  Ordnance 
Department  of  the  Army 
Washington  25,  B.  J. 
Attn:  ORDTB  -  BaJ  Sec 


British  J^int  Services 
Mission 

1800  K  Street,  N.  W. 
Washington  6,  D.  C. 

Attn:  Mr.  John  Izzard, 
Reports  Officer 
Of  interest  to: 

W.  E.  Soper 
H.  J.  Jamas 
J.  Lyall 

CanadifJi  Army  Staff 
2450  Massac fcusetts  Ave., 
N.  W. 

Washington  8,  0.  C. 

Of  interect  to: 

R.  F.  WiUrinsc. 

Edward  Greenwood 
W.  B.  McKay 
MaJ .  J.  M.  Seldon 
Mr.  R.  W.  Foster 
Dr.  0.  V.  Ball 
Dr.  A.  L.  Wright 

Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
Washington  2;5,  D.  C. 

Attn :  Re3 
Of  inters: 

Re  2c  • 


;  to: 

Mr.  J.  3. 
McCorkle 


Commander 

Novel  Ordnance  Lab. 

White  Oak 

Silver  Spi-w-ig  19,  Maryland 
Of  interest  to: 

Dr.  S.  J.  Jacobs 
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Commander 

Naval  Ordnance  Test  Station 
China  Lake,  California 
Attn:  Technical  Library 

U.  3.  Naval  Explosive  Ord. 
Disposed  Technical  Center 
U.  S.  Naval  Powder  Factory 
Indian  Head,  Maryland 
Attn:  Army  Liaison  Office 

Commander 

Naval  Proving  Ground 
Dahlgren,  Virginia 

Commanding  Officer  and 
,  Director 

Naval  Research  Laboratory 
Washington  2$,  D.  C. 

Attn:  Tech.  Information  Div. 

Los  Alamos  Scientific  Lab. 

P.  0.  Box  1663 

Los  Alamos,  New  Mexico 

Of  interest  to: 

D.  P.  MacDougall 

Director 

Armed  Services  Technical 
Information  Agency 
Documents  Service  Center 
Knott  Building 
Dayton  d,  Ohio 
Attn:  DCS  -  SA 

Reference  Department 
Technical  Information  Div. 
Library  of  Congress 
W&snington  2p,  D.  C. 

Attn:  Dr.  Clement  R.  Brown, 
Head,  Bibliogran  y 
Section 

Atomic  Energy  Commission 
1901  Constitution  Avenue 
Washington  25,  D.  C. 

Attn:  Division  of  Military 
Applications 
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Bureau  of  Mince  J 

UQOO  Porbes  Street 
Pittsburgh  13,  Penney lv:-*n.»a 
Attn;  Chief,  Explosive  and 

Physical  Sciences  Biv. 

Coemandinc  Officer  ^ 

Detroit  Arsenal 
Center  Line,  vichigan 
Of  internet  to; 

Mr.  C.  B.  Salter 

Commanding  Officer 
Diamond  Ordnance  Puee 
Laboratories 

Connecticut  Ave.  at  Van  Neee 
St. ,  NW 

Washington  25,  c* 

Attn:  Ordnance  Development 
laboratory 

Ccwsanding  General  2 

Prankford  Areenal_ 
Philadelphia  37,  Penney Ivan 
Of  interest  to; 

Mr.  H.  S.  Lipineki 

Commanding  Officer 
Koleton  Ordnence  Works 
Kingsport,  Tenneeeee 

Coeauuading  General 
Ordnance  Ammunition  Command 
Joliet,  Illinole 
Attn:  0PJ3LV-AR  V 
ORELY-AR-AR 

Lt.  Janes  P.  ief*-* 
Mr.  W.  K.  Jana 

Ccaaoandina  General 
Ordnance  -eapoua  Cyaacnd 
P.ock  Island,  Illinois 
Attn:  Research  Branch 
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Command Jng  General 
pi catinny  Arsenal 
Dover,  Rev  Jersey 
Attn:  Samuel  Pelta&n 

Amsuaition  lAbs  • 

Commanding  General 
Redstone  Arsenal 
Huntsville,  Al-isama 
Attn:  Technical  Library 
Mr.  Wade  Ewart 

Officer 

Watertown  Arsenal 
Watertown,  Massechurette^ 

Commanding  Officer 
Chemical  Corps  Chemical  a 

Radiological  Laboratories 
Army  Chemical  Center,  Md. 

Chief  of  Engineers 
Department  of  the  A £iuj 
Washington  25,  D.  C. 

Attn:  ESGKF  _ 

Mine  Warfare  Branch 

Ooo»anding  Officer  . 

Engineer  Research  4  Development 
Laboratory 

Port  Belvoir,.  Virginia 
Attn:  Technical  Tfite-  . 

Branch 


t»'  ?*nc* 


Arthur  D.  Li  .tie,  Inc. 

30  Memorial  Drive 
Cambridge  42,  Massachusetts 
Attn:  Dr.  W.  C.  Lothror 

THRU:  Deputy  Chief 

Boston  rtrdnano,  Juet. 
Boston  Army  Base 

Boston  10,  tfaea. 
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Aerojet-General  Corp-  2 

Azusa,  California 
Of  interest  to: 

Mr.  Guy  C.  Throner, 

Chief.  Explosive  OrdL. 

Section 

Dr.  Louis  Zernov 

TdF.’’  District  Chief 

Los  Angeles  Ordnance 
District 

55  South  Grand  Ave. 

Pasadena  2,  California 

Carnegie  Institute  of  Technology 
Pittsburgh,  Pennsylvania  1 

Attn:  Dr.  3..  M.  Pugh 

THRU:  Deputy  Chief  _ 

Pittsburgh  Ordnance  Distr. 
200  Fourth  Ave. 

Pittsburgh  22,  Pa. 

CONVAIR 

A  Division  of  General 
Dynamics  Corp. 

p.  o.  Box  1950  1 

San  Diego  12,  California 
Attn:  Mrs.  Dora  B.  Burke, 
Librarian 
Cf  interest  to: 

Sylvan  Katz 

THRU:  The  Bureau  of 

Aeronautics  Representative 

CONVAIR 

San  Diego  12,  Calif oral  a 


Organization 


Firestone  Tire  ant  Rubber 
Co. 

Akron  17,  Ohio 
Of  interest  to: 

Dr.  E.  W.  Ford 
Dr .  Hugh  Winn 


Deputy  Chief 
Cleveland  Ordnance 
District 

1567  East  Sixth  St. 
Cleveland  It,  Ohio 


Michigan  State  College 
East  Lansing,  Michigan 
Of  interest  to: 

Mr.  Philip  J-  Baker 
t09  Olds  Hall 

THRU:  Commanding  Officer 
Detroit  Arsenel 
28251  Van  Dyke  Ave. 
Center  Line,  Michigan 

Director,  Project  RAND 
Department  of  the  Air  Force 
1700  Main  St. 

Santa  Monica,  California 
Of  interest  to: 

Dr.  J.  S.  — 

Dr.  rt.  D.  Hoi or 00k 
Mr.  M.  R.  Andersen, 
Librarian 

Stanford  R  ,earch  Institute 
Stanford,  California 
Of  interest  to: 

Dr.  T.  C.  Poulter 

THRU:  Deputy  Chief 

San  Francisco  Distr. 
Oakland  Army  Saoe 
Oakland  14,  California 
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Sylvanis  Rlectri :  Product*  Co. 
Missile  System*  .'laboratory 
Bayaide,  L.  7  -  H.  7. 

Of  interest  to: 

Mr.  Prank  Protchen 

THRU:  Deputy  Cliief 

New  York  Crcnnnce  Ji  .cri  ct 
180  Varies-  Sxvert 
New  York  jl»,  -• 

University  of 

Department  of  Pljyalca,  Bids.  206 
Salt  Lake  City,  Utah 
Of  interest  to: 

Dr.  Melvin  A.  Cook 

THRU:  Command! rg  Officer 

Office  o.’  Naval  Research 
Branch  0  ff ice 
1000  Geary  St.  , 

San  Pranri*cc  9»  Califonu. 

Dr.  L.  H.  Them** 

Watson  Scientific  Computing  Lab. 
622  West  116th  3treet 
New  York  27,  York 
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